Introduction
Although in recent years there has been increasing awareness and anxiety in the United Kingdom concerning adverse reactions to drugs few attempts have been made to measure the incidence of such reactions or their relationship to the use of individual drugs. Several surveys have been carried out in hospitals in the United States of America and Canada, and adverse reactions to drugs have been reported to occur to between 1 and 18% of patients in hospital.
This paper reports the method of recording and the results of a study of the occurrence of adverse reactions in patients in hospital in relation to the use of drugs.
Methods
Seven wards with a total of 179 beds in the Belfast City Hospital, a general hospital, and one ward with 52 beds for patients with mental illness in Purdysburn Hospital were chosen (Table I ). All patients admitted to a ward after the start of its period of surveillance were included in the study. The same investigator made daily visits to each patient from admission to discharge. A record of name, age, sex, hospital number, ward, date of admission, and diagnosis was completed for each newly admitted patient. The ward notes of the patient, the letter from the general practitioner, and previous hospital records were examined. Patients were interviewed whenever possible on the day of admission. Inquiry of recent drug therapy, of any previous reaction to drugs, and of allergy, hay-fever, or asthma was made. Coma, the need for emergency surgery, and grave symptoms precluded immediate interview. * Research Assistant. t Whitla Professor of Therapeutics and Pharmacology. Department of Therapeutics and Pharmacology, the Queen's University of Belfast.
In a few patients with illness such as paranoid schizophrenia the answers to questions were unreliable and remained so. For these patients information from relatives, previous hospital notes, and the staff treating the patient was recorded. If a patient was admitted to hospital because of a suspected adverse reaction to a drug details of the dose of drug, route of administration, and symptoms and physical signs were noted. At the end of the period of survey of a ward no further new admissions were seen, but patients already under surveillance were visited daily until their discharge. 
Analysis of Data
When the survey had been completed a nurse helped with the coding of the data so that automatic data processing could be used in its analysis. A serial number was assigned to each patient, and sex, age, and ward of admission were coded. Individual drugs given were coded by a five-digit code (Inman, 1966 ; Committee on Safety of Drugs, 1967a (Cluff, Thornton, and Seidl, 1964) . Probability.-Reactions were classified in terms of the probability of their causation by a drug (Seidl, Thornton, and Cluff, 1965 (Seidl et al., 1965 Brown (1955) , Rosenheim and Moulton (1958) , and Rosenheim (1962 
Results
During the period of surveillance of these wards 1,268 patients were admitted. Their age distribution is shown in Fig. 1 The patients admitted to general medical or surgical wards had a wide variety of diseases, but 139 were admitted with chronic bronchitis, 108 with myocardial infarction, 82 with cardiac failure, and 72 with cerebral vascular disease; 37 had peptic ulcers and 27 had appendicitis. In the dermatology wards 41 had psoriasis, 18 varicose ulcers, and 18 verrucas. Among those admitted for mental illness 45 were suffering from depression and 38 had schizophrenia.
Number of Drugs Administered.-The distribution of all patients according to the number of drugs they received and the length of their stay in hospital is shown in Fig. 2 . Drugs were given to 1,160 patients and 108 patients did not receive any drugs during their stay in the wards. Those who stayed in hospital for 22 days or longer were given significantly more drugs than those who did not stay as long (Table II) .
Incidence of Adverse Reactions to Drugs.-Of the 1,160 patients who received drugs, 118 (10-2%) had an adverse reaction to at least one drug during their stay in hospital. (Table IV) . of the drug and 13 between one and eight hours after the drug had been given (Fig. 3) (Fig. 4) conclusions regarding the reaction rates of a few drugs where moderate numbers of patients had received them.
Cardiac Glycosides.-Digoxin was given to 192 patients, digitoxin to three, and lanatocide C to two. Thirty-nine patients (19 8%) had reactions-37 to digoxin, one to digitoxin, and one to lanatocide C; 16 of them suffered cardiac arrhythmias. Table VI shows that elderly patients and women had the most reactions. Patients who had reactions received a mean total dose of 6 mg. of digoxin during an average period of 15 9 days. Patients with no reactions had a mean of 7-25 mg. during an average of 16-7 days. During the period of survey 1,371-75 mg. of digoxin were taken by 192 patients and the risk rate of a reaction might be expressed as one reaction per 37 mg. administered, or, if the average dose is considered to be 0-25 mg., one reaction for 148 doses. A high proportion of patients who were given digitalis were also given diuretics. (Table VIII) . Benzylpenicillin was given to 143 patients and there were no reactions associated with its use. There were also no reactions related to other penicillins given to 24 patients. The patients who had reactions to ampicillin had extensive maculopapular pruritic rashes with slight or moderate fever. In six the rash appeared between one and eight days after ampicillin had been started and while they were still receiving the drug. In two the rash appeared eight and nine days, respectively, after ampicillin had been discontinued.
A patient who had glandular fever developed a reaction to ampicillin. The mean age of patients who had reactions to ampicillin was 67 years and of those who did not, 59 years.
Patients who had reactions were given a mean daily dose of ampicillin of 2 2 g. for an average of 7-4 days and those who had no reactions had a mean dose of 2-1 g. daily for an average These patients had a higher incidence of adverse reactions to digitalis than patients who received no diuretic (Table VII) .
Thirteen patients had steroids as well as digitalis (five without diuretics) and four had reactions. The influence of the diuretics and steroids on digitalis toxicity could not be accurately assessed, partly because the number of patients was small and because many of the patients were receiving several other drugs at the same time. Bronchodilator Drugs.-The incidence of adverse reactions for three oral bronchodilator drugs is given in Table VIII. It was customary for patients with bronchitis to be given all three of these bronchodilator drugs for short periods consecutively. Aminophylline, which was given intravenously to 151 patients, caused reactions in five (3-3 %), and in all patients the injection was given very slowly.
Hypnotic Drugs.-Dichloralphenazone was the most widely used hypnotic and had a low reaction rate, similar to that of phenobarbitone (Table VIII) . Other barbiturates which were widely used had no adverse reactions. There were two adverse reactions from methaqualone and diphenhydramine which was given to 22 patients.
Analgesic Drugs.-None of the patients with reactions had more than the usual therapeutic doses. Many patients were given several analgesic preparations together. Patients given morphine for premedication were frequently given pethidine for postoperative pain or paracetamol for incidental discomfort and headache.
Discussion
If modern potent drugs are to be used in medicine it is inevitable that adverse reactions will occur. The purpose of this pilot survey was to obtain a reliable estimate of the incidence of adverse reactions and it was hoped that some indica-;tions of the risk rate of individual drugs might be determined. Cluff et al. (1964) thought that the method most applicable to the study of adverse drug reactions in hospitals required detailed, personal, and daily professional examination of patients, and this method of prospective surveillance was used in the present study.
Reidenberg (1967) and Weston (1968) commented that in previous surveys there had been no control observations of the symptoms and signs of patients before administration of drugs. It is not possible in a survey of this type to defer the administration of drugs, but all patients were interviewed daily whether they were or were not given drugs. The 108 patients who did not receive drugs did not report drug reactions or illness of a type which, had they been having drugs, might have been attributed to them. As the investigator knew that no drugs had been taken as placebos, bias may have been introduced in this assessment. Cluff et al. (1964) , Seidl, Friend, and Sadusk (1966) , Seidl, Thornton, Smith and Cluff (1966) , and stress the value of information on drug usage which they obtained automatically from the pharmacy where prescriptions were billed. Data-processing equipment used in hospital pharmacies would ease the burden of collecting data on all drugs given to a patient, including those given in operating-theatres and the radiology department. It might still not provide information on the drugs actually taken by the patient.
A criticism of the present survey is that the direct questioning by the adverse reactions officer may have influenced the report-BRITISH MEDICAL JOURNAL 535 ing of subjective symptoms by suggesting to patients an adverse reaction to a drug. An improvement in a future study might be a panel of observers to decide on the occurrence of an adverse reaction, and if several observers could be employed the size of the survey could be increased.
Incidence of Adverse Reactions to Drugs
The incidence of adverse reactions found in this survey is compared with the findings of other observers in Table IX . MacDonald and MacKay (1964) and Reidenberg (1968) found only 1% or less of patients admitted had adverse reactions to drugs, but their ascertainment of reactions depended on the continued collaboration of many workers in the hospital who were asked to submit report cards. Slone et al. (1966) reported a rate of 844% for drugs causing adverse reactions in relation to the total number of drugs prescribed. Sarkany (1968) referred to a recent study based on the dermatology department at the Royal Free Hospital, London, where 45 adverse reactions were observed in 1,846 patients.
The surveys most comparable to the present study in definitions and methods were those at the Johns Hopkins Hospital, Baltimore , and at a university hospital in London, Ontario, by Hoddinott, Gowdey, Coulter, and Parker (1967) and Simmons, Parker, Gowdey, and Coulter (1968) . These surveys were of medical wards only and adverse reactions to drugs were reported to occur to between 11 and 15% of patients admitted. They included in their calculations only those reactions to drugs they classified as "documented" or "probable." In the present survey 586 patients admitted to the three medical wards received drugs and 16-4% of them had adverse reactions, or, if three reactions which were classified as "possible" are omitted, 15-9%. Considering the small size of these surveys, the different character of the three hospitals, and the heterogeneity of reactions, the figures are notably similar. Such an incidence of reactions to drugs may pass almost unnoticed in the hospital community unless a special survey is undertaken, but it is widely accepted that if the benefits of modern drug therapy are to be exploited the occurrence of adverse reactions to drugs has to be accepted. Intensive drug monitoring would give valuable information about the risk rate of individual drugs and the relationship between drug dosage and adverse reactions. reported more adverse drug reactions on the first hospital day than on any other, whereas in the study by Ogilvie and Ruedy (1967) the incidence was almost identical for each of the first nine days in hospital. In the present study there were more adverse reactions on the first two hospital days than on any others. The risk rate of individual drugs for producing adverse reactions can be assessed in two ways. The proportion of all patients who receive a given drug and who get reactions can be calculated, or the total amount or the number of doses of a drug administered or dispensed per adverse reaction can be estimated. The grouping together of heterogeneous and very different reactions to individual drugs makes comparisons between drugs of doubtful validity. A drug which has a highrisk rate of minor reactions may be preferable to a drug with a low incidence of more serious reactions.
Others have noted the frequency of adverse reactions to digitalis (MacDonald and MacKay, 1964; Ogilvie and Ruedy, 1967) . Seidl et al. (1965) reported that 11 8% of patients given digitalis had reactions. In this survey 1988% of patients had reactions and the risk rate was greater if patients were also given diuretics, a finding in accord with the known pharmacology of these drugs.
Reaction rates for patients who received ampicillin of 388% (Co-operative Controlled Trial, 1966) , 10 4% (Kennedy, Wallace, and Murdoch, 1963) , and 22%' (Sleet, Sangster, and Murdoch, 1964) have been reported. The last-mentioned workers thought the high incidence was related to the high dose, 6 g./day, which they used. In the present study, where the reaction rate was 7 8%, the mean dose of ampicillin was 2 2 g./day. In a larger survey the relationship of the dosage of drugs to the incidence of adverse reactions might become accessible to investigation.
Introduction
In a prospective study of adverse reactions to drugs in hospital patients it was found that 102% of 1,160 patients who were given drugs had adverse reactions (Hurwitz and Wade, 1969) .
During the survey information was obtained on factors which may have predisposed the patients to the development of these reactions.
Methods
Only the first admission of each patient was considered in the analysis, so that there was no duplication of patients. Of 1,160 patients who were given drugs, 118 developed adverse reactions.
The results were analysed with the use of a standardization technique for four variants-age, sex, length of stay in hospital, and number of drugs received. This analysis was based on comparisons of the observed distribution of patients with and without adverse reactions with those expected. It is postulated that the distribution of patients with and without adverse drug reactions is the same in groups defined by age, sex, length of stay in hospital, or number of drugs, when the other variants are held constant.
The method of standardization described by Elwood, Pemberton, Merrett, Carey, and McAulay (1965) of the expected distributions has been used in the present study. This standardization technique was also applied for age and sex to assess the separate influences of a history of previous drug reactions, allergic disease, or jaundice and the presence of diabetes mellitus and renal disease on the distribution of patients with adverse * Research Assistant, Depart'mcnt of Therapeu:ics and Pharmacology, the Queen's University of Belfast.
